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e*e’ is the cleanest way to access FF, because FFs are the only
non-perturbative contribution to the cross-section!
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D }(}(z) is the probability that an hadron E, E, 2F,
h with energy z is generated from a = E, B - 0

parton g
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left-right
quark asymmetry
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Collins mechanism: correlation between the parton
transverse spin and the direction of final hadron
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Collins mechanism: correlation between the parton
transverse spin and the direction of final hadron

strictly related to the outgoing
hadron tranverse momentum
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Back-to-Back jets

In ete- reaction, there is no fixed transverse axis to define azimuthal angles to,
and even if there were one the net quark polarization would be 0

Francesca Giordano 5



Back-to-Back jets

In ete- reaction, there is no fixed transverse axis to define azimuthal angles to,
and even if there were one the net quark polarization would be 0

But if we look at the whole event, even though the q and g
spin directions are unknown, they must be parallel

ete” = qq = hi1hy X
h=m K
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149 L7 h=m K
¢;+¢d, method: ¢ method:
hadron azimuthal angles with respect hadron | azimuthal angle with respect
to the gqq axis proxy to hadron 2

Thrust axis

reference plane (in blue) given by the reference plane (in blue) given by the
e+e- direction and the qq axis et+e- direction and one of the hadron

Thrust axis= proxy for the qq axis
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Thrust axis= proxy for the qq axis
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Back-to-Back jets

8 &§ 8 8

Y T Y A T B R T R
Francesca Giordano 7

I




=
VO lC1L'Cl, ALLLC S
et

e —qq %hthX h:’]T,K

¢;+¢d, method:

hadron azimuthal angles with respect
to the qq axis proxy

SN (R-Py)
Sy, Pyl

thrust = ma,a:‘
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Sy, Pyl

Thrust axis= proxy for the qq axis

Thrust axis
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¢;+¢p, method: ¢o method:
hadron azimuthal angles with respect hadron | azimuthal angle with respect
to the qqg axis proxy to hadron 2
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¢;+¢d, method:

hadron azimuthal angles with respect
to the qq axis proxy

D. Boer
Nucl.Phys.B806:23,2009
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hadron | azimuthal angle with respect
to hadron 2
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¢;+¢p, method: ¢o method:
hadron azimuthal angles with respect hadron | azimuthal angle with respect
to the qqg axis proxy to hadron 2
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Like-sign couples
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Like-sign couples

= [Fav-UnFav) + [Fav - UnFav)
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Like-sign couples
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But! Acceptance and radiation
effects also contribute to azimuthal
asymmetries!
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But! Acceptance and radiation
effects also contribute to azimuthal
asymmetries!
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To reduce such non-Collins effects:
divide the sample of hadron couples in unlike-sign and like-sign (or All-charges),
and extract the asymmetries of the super ratios between these 2 samples:

Unlike-sign couples / Like-sign couples

Dhl ho

wl

_ RU/RL
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Unlike-sign couples / All charges

Diihs = RY/RC
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u-dominance
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[Airapetian et al., Phys. Lett. B 693 (2010) 11-16]
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[Airapetian et al., Phys. Lett. B 693 (2010) 11-16]
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[Airapetian et al., Phys. Lett. B 693 (2010) 11-16]
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Results from 2007 and 2010 data taking
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Results from 2007 and 2010 data taking
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New! New! New! New!
New! New! New! New!

Word of caution: this analysis is mainly aimed at kaons, so kinematic cuts and
binning are optimized for kaons, and the same values used for pion too.

rr results cannot be compared directly to

-—)
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published results
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¢ method

Thrust axis

sin? O H MG M (29)
2 9 COS(¢1 + ¢2) [0] = 10]
1+ cos®Or D17 (21) Dy (22)

O'N./\/l12(1‘|—
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¢ method

Thrust axis

sin? O H MG M (29)
2 9 COS(¢1 + ¢2) [0] = 10]
1+ cos®Or D17 (21) Dy (22)

o~ Mig (1 + ) o~ My (1 + sin” 0 008(2¢0)f[g%(21)gi(22)])
1

Both interesting: different integration of FF's in pri,
might provide information on the Collins pr
dependence

Technically more complicated: require the
determination of a qq proxy (Thrust axis)
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Thrust axis

sin® O H MG M (29) H sin? 6, Hi(z1)Hi (22)
~ Mig(1+ + : — ~ M (1+ cos(2 .7:[ 1 1 ])
7 12( 1 4 cos? 7 c0s(dr +2) D (21) Dy (22) ) | 7 ’ 1 + cos? 6 (260) Dy-(21) Dy (22)
Both interesting: different integration of FFs in pr,

might provide information on the Collins pr
dependence

Technically more complicated: require the
determination of a qq proxy (Thrust axis)
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02<2,<0.25

u,d.s,c.tau contributions
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Tt couples

02<2,<0.25

Unlike-sign rux

® uds
& charm

@ bottom

Published »x studied a, charm enhanced

data and found charm contribute only
as dilution
=> charm contribution corrected out

Francesca Giordano

i
[ 0.25<2,<0.3
L
N
°
nJ
-
s
-
L
- & o
-
i
5
e
- 042<2,<1
) .
.
-
.
.
-
. ® o




(1 1A

A A

IAI |

J11]l-Lg

g

u,d,s,c.tau contributions
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u,d,s,c tau contributions
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u,d,s,ctau contributions
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J11]l-Lg

g: 0.2<2,<0.25 Like-sign KK 025<2,<03

87 -
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| A e . KK couples
= : + For the moment charm contribution
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is not being corrected out
in any of the samples (z7x, 7K, KK)
E«E = ¢ m ) -o ¢

PO W Y
0.3x2,<0.42 [ 04252, <1
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o L]
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D0 ASVINIIE

<0.06

- e  Unlike/Like xx - Belle Preliminary
02<2,<0.25 +  Unlike/Like =K 025<2,<03

i *  Unlike/Like KK i
0.04— — .

- . T =2 Nnon-zero asymmetries,
voal - HL increase with z, 2

o:___%_g___g _________ 0 :___E_z____@ _________ ; | #K =>asymmetries compatible

i I with zero
-0.02| - _ .

-...l....l....l....l....l....l....l....l... -...l....l....l....l....l....l....l....l... KK _> non-ZerO asymmetrles’
0.06- - increase with z;,z;

| 03<2,<0.42 | 04252 <1 similar size of pion-pion
0.04 - HH
0.02}- [ﬂ@ - m

L3 @ E i g 7 ]

(| R TR z S | T R e
-0.02}- -

A T PP P S IS PP P | PP IS Y PR P T P P PO

0.2 0.25 03 035 04 045 05 055 02 025 03 035 04 045 05 055
z, 2,
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° —
< 006 - unlikefLike Belle Preliminary
0.05 E_ +  Unlike/Like nK -
C + Unlike/Like KK
0.04— - }
0.03/ ) @
0.02 H ﬁ
0.01F ¥ I : I
RPN U B N N
of-§--f---2-- AL g.. o]
-0.01—
-0.02—
: 1 1 A l 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 1 l 1 1 1
0 0.2 0.4 0.6 0.8 1.2
P,, (GeV)

But! charm have different contributions,
we need to account for it!
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T => non-zero asymmetries,
increase with z|, z»

K => asymmetries compatible
with zero

KK => non-zero asymmetries,
increase with z;,z;
similar size of pion-pion




QCD test?

A

2/ ndf 0.2489/5
I po 0.007685 = 0.005708
<0.06/ p1 0.008462 + 0.007276
- . Unlike/Lik Belle Prelimina - 2 ]
o.osE— n e ry A sin 9 F[H ( )HlJ_( )
0.04} JTUTT 0 — 2 NH-L
0.03[ 1 + COoS 9 ( )Dl ( )
0.02) :
= I + Y } + . . .
0.01- 1 linear in sin?0/(l+cos?6),
OF - .
I go to 0 for sin?6/(1+cos?6) >0
0.02f Ft form po + P sm29/(l+c0529)
- . . L %2/ ndf 1.217/5
0 02 04 06 0.8 1
sin‘a/(1 «m*o) ) p0 0.006932 + 0.006626
— YL < 0.06 p1 -0.005329 + 0.009443
’:o n 0015112 000517 | 005E- ° Unlike/Like <K Belle Preliminary
<o.06 Pl 0.03469: 0007789 | = K
- . Unlike/Like KK Belle Preliminary 72:
0.03
0.04 0.02 ]
0.03
0.01 |
0.02 l } S
" oOF----------mmmm - LT TN EEE o St
' -0.01
o ..........................................
-0.02
-0.01 1 | 1 1 1
K K 0 0.2 0.4 0.6 0.8 1
-0.02 sin®a/(1+cos>0)
N N 1 | L 2 ' | N ! N | N ! L | 1
France 0 0.2 0.4 0.6 0.8 1

sin’&/(1+cos’0)



A=11ICLILALIOLL COL

u, d — 7 (ud, ud)
Df® = pr* =Dy = DI =DT
dis _ prn~ _ Tt _ prt _ 7w
D% = Dr = DI =DI =D~
s — 7 (ud, ud)

D, =D =Di =Di =Df

u, d — K (uS, us)

D/*. = DET = DK~

u— K

dis _ pKk- _ pKkt _ pkt _ pk- _ pk- _ pk*
Dyasx =Dy =Dz =Dy =Dy =Dy =D

s — K (u8, us)

DI*. = DK™ = DKV

s—K

D%, = DET = DK~

s—K

In the end we are left with 7 possible fragmentation functions:
s—=m) T u— K s—K» T s—K

Dfa/v’ l)clis7 Ddis Dfav Dngl_)K’ Dfav Ddis

Assuming charm contribute
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For pion-pion couples:

siI s sie e ot it
SD{‘W D2 av 5D¢;1is Dgis-i- 2D¢-iis Dc-iis

ls—mw " 28—

Unn sin” @
DTrr x1 +C082¢0m(

ls—smw’ 2s—>m

_ 5D1f‘1‘v Dgis + 5D¢11i8 D2fa‘0+ 2Ddis Ddis

ls—=m " 28—

SH{G‘U Hgdis + SHJ:iis Héfav 4+ 2Hdi8 Hdis )

For pion-Kaon couples: ”

—nK . 2
L sin“ 6
DLzk o 1+ 08200 11 cos75 X

(4H{ UHIY + HiE (5HS +H )+ HEiE GH{™ + HI*V)+a HIZY HI®V + H{E, (HSE, o+ HIZY )+ HEE,  (HI®  + HiE,
4D{** D% 4 Ddis(5D¢**+ D} ")+ Ddis (5D¢*+D{**)+4 DI &Y DIV + Ddis (Ddis  +DI% )+ Dgdis (D%  + Ddis

ls—r

s— K 28— 28— ls— s K

— ls—

Dgi}.:(5D{av+D¢Iiis)+4 D.lf't;(ngis_*_ 4D‘l’i3D£;v+ D;i;’g(sD.zfav_*_Dgis)_*_Dcliis (Dfav K+ Ddis K)+ (Ddis K+ Dfav K)Ddis

28—

G AL A B OB ) L G o A ) (1 B2 O

S—T 28— 25— ls— ls—

For Kaon-Kaon couples:

D g'xx x1 +cos2¢o-Sn9 ( 4H}ff§v i O M o Mo rc H;F:iKHg’g&
I+cos®0 \ 4DJe¥ DIG+ 6Dz Ddiz+ D Ddis  + DI DI

ls—+ K

4D12v Ddis 4 4pdis pIav yopdis pdis pdis  plev 4 plev  pdis

_AB{RY HY+ AH{E HIRY +2H{GE HERE +HIL®, e HY o+ HY H;'::K)

ls—=+ K 28K ls— K 28+ K
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For pion-pion couples:

ls—n""2s8s—m

5D] %" D)+ 5Dgis Ddist 2Dgis | Ddis

ls—mw " 28—

U . 2
DTrr x1 +cos2py-S09

(sHifa'v Hfav+ stis Hgis_l_ 2Hdis Hdis
+cos26 : d

ls—smw’ 2s—>m

_ 5D1f‘1‘v Dgis + 5D¢11i8 D2fa‘0+ 2Ddis Ddis

ls—=m " 28—

SH{G‘U Hgdis + SHJ:iis Héfav 4+ 2Hdi8 Hdis )

For pion-Kaon couples:

Uzk . 2
L sin“ 6
DLzk o 1+ 08200 11 cos75 X

(4H{°”H£("+ H{E (5HE™ +Hy ™)+ H3ie (SH{™ + H{ ")+ 4 Hg" H)*" + Y%,  (HE% e +H ' g )+ HE, o (HY o+ HE?, i
4D{** D]+ D{}¢ (5D5**+D]*")+ D3¢ (5D{**+D{**)+4 D{E" D} ** + D12, [ (Dg3?, jo+D37", 1)+ D532, (DI, o+ D2,
H'¢ (SH] " +H{**)+4 H] {0 H™ + AH{* HIZ" + H{R (SH]™ + HY*)+ H{®,  (HI  + H532, o)+ (HE2, o+ HIZY HE, )
D'z (5D{*"+D{**)+4 D] D§**+4D{** DI 3"+ D{j2 (5D]**+Dg**)+D{i*, (D]2", , + D3i*, )+ (Dfi2, + DII% )Dgie,
For Kaon-Kaon couples:
U o o - -
DTk <1 +cos2¢328 ( 4H}ff§v S H;F:iKH?":"&m
av av di di di di av av
1+cos 0 4DIK D2 K + 6D1?D2?+DI;:KD2;:K+ Dls—rK D2s—»K

ls—+ K

4D12v Ddis 4 4pdis pIav yopdis pdis pdis  plev 4 plev  pdis

_AB{RY HY+ AH{E HIRY +2H{GE HERE +HIL®, e HY o+ HY H;'::K)

2 ls—=+ K 28K ls— K 28+ K

Not so easy! A full phenomenological study needed!
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